Abstract. -Ultraviolet photoemission spectroscopy (UPS) energy distributions have been measured for Ni, Co and Fe at photon energies hv of 10.7, 16.8, 21.2, 26.9 and 40.8 eV. The data show nonstationary structure (variation in peak locations, shapes and amplitudes) indicative of direct interband transition and cannot be described by a simpleoptical density.of states. Our new data show occupied d-band widths of 3.3 f 0.3,3.6 k 0.3, and 3.8 & 0.3 eV for Ni, Co and Fe respectively. UPS data are compared with X-ray photoemiss~on data (XPS).
I. Introduction and Summary. . . -We report high resolution (cz 0.2 eV) UPS measurements for Ni, Fe and Co at energies hv = 16.8, 21.2, 26.9 and 40.8 eV which have been made using a windowless, differentially pumped photoemission spectrometer. Energy distribution curves (EDC's) for Ni, Co and Fe for 10 , ( hv < 40.8 eV show variations in peak locations, amplitudes, and shapes which can not be described by an (( optical density of states D (i. e. the nondirect transition model). [l-31 Rather, observed structure is indicative of direct interband transitions. Since in this case the joint interband density of states is involved instead of the band density of states, optical densities of states determined for transition and noble metals [2-41 with photon energies hv < 11.6 eV should not be expected-to show ditailed correlation with band densities of states.
prepared by evaporation (--5 A/s) onto smooth Mo substrates using an electron beam gun. Possible contamination effects were studied by deliberately exposing the films to low pressures of 0,, N,, H,, Co, etc. In particular, Ni, Co, and Fe were all found to be very sensitive to O,, with a large emission peak appearing at -5.5 eV below EF due to chemisorbed 0,.
111. Data and Discussion. -Several EDC's for Ni are shown in figure 1. Shifts in peak locations and amplitude changes are observed in the EDC's. This structure cannot be described by a simple optical density of states. [I- Fe respectively. These widths are somewhat narrower than those given by current energy band calculations, which give widths of approximately 4.3, 4.4 and 4.6 eV for Ni, [7] Co, [8] and Fe, [9] respectively, and are in reasonable agreement with values of 3.0, 4.0 and 4.2 eV for Ni, Co, and Fe determined via 5 x-ray photoemission spectroscopy (XPS). [lo] Charac- emission region (3.3 +_ 0.3 eV just below EF, Fig. 1) . The EDC for hv = 10.7 eV does not permit the determination of the d-band width, a common limitation of UPS for hv < 11.6 eV. The estimated contribution of secondary emission is shown in figure 1 by the dashed lines for hv = 21.2 and 40.8 eV. The shape of these secondary emission curves was calculated using the inelastic pair-production model [I] . It is seen that secondary emission within --8 eV of EF becomes weaker with increasing photon energy. This permits a more reliable separation of primary and secondary emission at higher energies.
For Ni, a peak is observed in the EDC's at --0.3 eV below EF for all photon energies. Because this peak is seen for such a wide range of energies, we expect with considerable certainty that it corresponds to a peak in the band density of states. Comparison with ferromagnetic band calculations for Ni [7] indicates that this peak is consistent with an average exchange splitting of the d-bands of 6Eex 5 0.6 eV (see Fig. 2a ). nonmagnetic density of states [13] . From such a comparison, we conclude that an exchange splitting of 6Ee, 2: 1.8 + 0.4 eV for Fe is consistent with the UPS data. As seen in figure 3 , the large 6Eex for Fe indicates that it would be informative to measure the UPS spectra of Fe above the Curie temperature T, --750 OC.
UPS measurements for

